Absfracf -Throughout the history of wireless communications, spatially diverjity's antenna array system has being important in improving the radio link between wireless users. Moreover, this system are proposed to reduce the multipath fading through its directivity narrowly radiation beam. The introduction of interference free window in delay domain from newly LASCDMA standard has received many attentions for furthering research on multipath delay spread. In this paper, we studied the effect of angular spread on maximum excess delay in multipath propagation environments. Then, we examined the application of antenna array in LAS-CDMA standard to overcome this multipath phenomenon. First of all, the multipath propagation literatures are reviewed, followed by the explanation of maximum angular spread in a simple discrete ring of scatterers model.
Introduction
Mobile radio communication usually involved a fixed base station and a number of mobile receivers moving in a random manner in the radio propagation environments. The surrounding terrain obstacles, buildings or vehicles may introduce reflection, diffraction or scattering that cause the received signal to be attenuated in amplitude and distorted in phase. Thus the received signal is a combination of radio waves that arrive at the receiver with random amplitude, arrival time and Doppler shift, giving rise to the terminology multipath fading [I] .
In the past when the distribution of angle of arrival (AOA) of multipath signals was unknown, researchers assumed it was uniform distribution [0,2 IT ] [Z]. Various models were developed and used for different applications. Some of the models were intended to provide information about only a single channel characteristic, such as angular spread, while others attempt to capture all the properties of the wireless channel. For instance, in a tradition4 ClarkedJakes based model [3] , a rich distribution of scatterers is assumed around the mobile station (MS), with no major scatterers located around base station (BSI.
Recently, Large Area Synchronous Code Divisictn
Multiple Access (LAS-CDMA) has been proposed 1 s one of the most promising fourth-generation (4G) mobile communication standards [4] . The key featu:e of LASCDMA standard is the increased capacity or the spectral efficiency as a result of the usage of large area (LA) and loosely synchronous (LS) codes [5] .
That is because these LA and LS codes have very high peaks with very small sidelobes in auto-correlations. Their cross-correlations showed an interference free window (IFW) along its delay spread [4] . Figure 1 exhibits the IFW in LASCDMA technique. However, when the delay spread is significant, some ofthe multipath signals may be dropped outside the IFW beyond the time delay spread region. There will be interference among the unorthogonality codi:s beyond that region. Thus, it is not always possible I:O let the IFW cover the entire multipath delay spread. CDMAcodes.
An antenna array consists of n elements o f antenna combine with signal processing in both space and time. It communicates directionally by forming specific radiation beam panerns. This antenna system directs its main lobe in the direction of the M S with increased gain, and direct nulls in directions away from the main lobe [6] . Moreover In this paper, we introduce directive spatial diversity channel o f antenna array instead of convention omnidirectional to reduce the multipath spread phenomenon. It will ensure the probability of multipath signals drop into IFW is high. Thus, the performance of LAS-CDMA standard in overcome multipath fading environment by using an antenna array is studied. A simple angular spread model o f disk scatterers will be generated to examine the performance through its power delay profile and maximum excess delay parameters.
Multipath Propagation
In a wireless mobile communication system, a signal can travel from transmitter to receiver over multiple reflective paths, this phenomenon is referred to as multipath propagation. Due to the multipath nature o f the channel, a number o f attenuated, frequency shifted and delayed replicas of the transmitted signal are received. Each path has a different length, so that the time o f arrival for each path is different. This effect is called delay spread. In order to compare different multipath channels and to define some general guidelines for wireless systems, parametem which grossly quantify the multipath channel are used such as mean excess delay, t, rms delay spread, U,, and maximum excess delay, r, that can be determined from a power delay profile.
Mean Excess Delay
This is the first moment of the power delay profile where rk isthe k'* delay component with P(rk) relative amplitude level.
RMS Delay Spread
R M S delay spread, U , is the square root o f the second central moment of the power delay profile and i t can be defined by
where
Maximum Excess Delay
Maximum excess delay, 7 , is defined to be the time delay between the first and the last component o f the signal during which the multipath energy (or received power) falls to X dB below the strongest component. This parameter can be represented by the equation below.
r, = ry -ro
where ro is the first arriving signal and r y is the maximum delay at which a multipath component is within X dB of the strongest arriving multipath signal.
The value of T x is sometimes called the excess delay spread o f a power delay profile, but in all cases must be specified with a threshold that relates the multipath noise floor to the maximum received multipath component.
Example o f rms delay spread, mean excess delay, maximum excess delay and threshold level of indoor power delay profile is shown in Figure 2 181. Figure 3 shows the measurement made in south San Francisco that are artificially high.
The maximum excess delay is not necessarily the best indicator of how any given system will perform on the channel because some channels with same value of r, can have very different power delay profiles.
Therefore, rms delay spread is considered more useful measurement.
-
Maximum Angular Spread of Scatterers
We consider the scenario in which a BS receiver antenna array is place at a height where the influence of Scatterers near to the BS receiver is negligible. The MS transmitter, however, is placed within a plane of scatterers as in urban environment. Hence, we consider only Scatterers within a circle of influence of radius R around the MS transmitter. 
where a is the angle of the scatterer with respect to the nominal AOA line.
In antenna array system, it's narrower radiation beamwidth cause the r is small with respect to d, then () can be simplified with trigonometric approximatioris to r . In the same manner, we can express the receive power at the receiver as 1 d,'dR4
where d , is the path distance from scatterer to receiver, and C, is a arbitrary constant.
Since excess delay, r is proportional to distance between the transmitter, Scatterer and receiver, thus, 5 can be expressed as where Y = 3 Y IO' m/s is the plane wave propagation speed over free space and I is the distance spread between transmitter and receiver.
To find the maximum excess delay, r, of power delay profile that take into account the angular spread of scatterers, consider the ring of scatterers shown in Figure 5 . Assuming that there are N discrete Scatterers along the ring from MS out to maximum distance of interest, R. Also, the AOA between BS and MS is perpendicularly to the antenna array. Hence, the total number of Scatterers in the Figure 5 are N x I scatterers.
The distance spread, 1, of nlh scatterer along the
ring circle can be derived as
where the nlh scatterer is at the angle a,, 2n(n -0.5) N a, = in the ring circle, d is the distance between BS and MS, and R can be obtained from maximum angular spread, y, of (8). Note the 0.5 deductive shows that no line of site (LOS) in this model. Here, we only concentrate on two types of antenna in our analytical simulation: conventional omnidirectional antenna and high directivity antenna array. There antennas exhibit angular spread of 30" and 0.9" along its ring of scatterers respectively. We assume that the distance, d between BS and MS is IOkm. From (8), the ring of scatterers radius for conventional antenna is 5.24km and 0.16km for antenna array. The multipath delay spread of these antennas is shown in Figure 6 . As expected, a longer delay of about 6 8 . 5 ,~ is exhibited from conventional antenna because of iw longer distance spread of far apart scatterers. In contrast, the high directivity narrow beam from antenna array exhibits a small multipath delay spread of about 3 5 . 9 ,~. It is due to the small distance spread from scatterers around the MS when a narrow beam with small angular spread is radiated.
From the 2-ray ground reflection's power model and discrete ring of Scatterers models, the power delay profile can be approximated from expressions of (IO) and (12) With this small multipath delay spread from the small angular spread radiation of antenna array, all the multipath signals and its high power profile will drop into the IFW region. This means that the crosscorrelation between two LAS-CDMA user codes exhibits orthogonal property without any interference within this short delay spread. It is clear that this power delay profile of antenna array performance will also increase it signal to interference and noise ratio (SMR) performance. It is because all the multipath signals from antenna array radiation with it own power profile will drop into the IFW region within the IFW time range. This means that there are small portion of multipath signals are "filtered" out compared to conventional omnidirectional antenna.
Conclusions
Multipath Delay spread and fading can be reduced with an antenna array that is capable of forming beams in certain directions and nulls in others, thereby canceling some of the delayed arrivals. Usually, the antenna array radiation focuses energy in the required direction, which helps to reduce multipath reflections and the delay spread. With this small multipath delay spread all the multipath signals will successfully drop into IFW delay spread region with its own power profile. Therefore, it will increase the performance in term of SMR besides cancelled out all interference probability because all the multipath signals will not arrive beyond the region delay spread.
